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1. Scope bility of regulatory limitations prior to use.

1.1 This practice covers the identification of organic com-
pounds by gas chromatography/mass spectrometry (GC/M$) Referenced Documents
(electron impact) that are present or extracted from water and 2.1 ASTM Standards:
are capable of passing through a gas chromatograph without D 1066 Practice for Sampling Stedm
alteration. The practice is intended primarily for solutions for D 1129 Terminology Relating to Water
which 10 ng or more of any component of interest can be D 1192 Specification for Equipment for Sampling Water
introduced onto a gas chromatographic column. This practice and Stearh
has the advantage of providing tentative identifications of D 1193 Specification for Reagent Water
volatile and semi-volatile organics, but is restricted & ( D 2908 Practice for Measuring Volatile Organic Matter in
compounds for which reference spectra can be obtainedsind ( Water by Aqueous-Injection Gas Chromatograbhy
compounds that can be separated by gas chromatography (GC).D 3370 Practices for Sampling Water
These restrictions are imposed on the practice, but are not a D 3694 Practices for Preparation of Sample Containers and
limitation of the technique. The practice is written for, but not ~ for Preservation of Organic Constituehts
restricted to, analysis using automated data acquisition and D 3871 Test Method for Purgeable Organic Compounds in
handling. Water Using Headspace Sampfing

1.2 Although a detection amount of 10 ng is suggested for D 3973 Test Method for Low-Molecular Weight Haloge-
the practice, this amount can only be considered an approxi- nated Hydrocarbons in Wafer
mate guide. The actual detection limits for each component D 5175 Test Method for Organohalide Pesticides and Poly-
must be determined in each laboratory. Actual detection chlorinated Biphenyls in Water by Microextraction and
amounts will vary with the complexity of the sample, the kind Gas ChromatograpRy
and condition of the GC/MS system, the sample preparation D 5316 Test Method for 1,2-Dibromoethane and 1,2-
technique chosen, and the application of cleanup techniques to Dibromo-3-Chloropropane in Water by Microextraction
the sample extract, if any. and Gas Chromatography

1.3 The practice is applicable to the identification of many D 5317 Test Method for the Determination of Chlorinated

organic constituents of natural and treated waters. It includes Organic Acid Compounds in Water by Gas Chromatogra-

all modes of sample introduction, including injection of or- phy with an Electron Capture Detector
ganic extracts, direct aqueous injection, and purge and trap E 260 Practice for Packed Column Gas Chromatography
techniques. E 355 Practice for Gas Chromatography Terms and Rela-

1.4 The practice is applicable to either packed or capillary ~ tionships
column gas chromatography, including wide-bore capillary 2.2 U.S. Environmental Protection Agency:
columns. Because of their greatly enhanced resolution, capil- Methods for the Determination of Organic Compounds in
lary columns are recommended. Drinking Water-Supplement |, EPA/600/4-90/020, July
1.5 This standard does not purport to address all of the ~ 199C°
safety concerns, if any, associated with its use. It is the Methods for the Determination of Organic Compounds in
responsibility of the user of this standard to establish appro- Drinking Water-Supplement Il, EPA/600/R-92/129, Au-
priate safety and health practices and determine the applica-  gust 1998

1 This practice is under the jurisdiction of ASTM Committee D-19 on Water and 2 Annual Book of ASTM Standardgol 11.01.
is the direct responsibility of Subcommittee D19.06 on Methods for Analysis for 2 Annual Book of ASTM Standardgol 11.02.

Organic Substances in Water 4 Annual Book of ASTM Standardgol 14.02.
Current edition approved Sept. 15, 1994. Published November 1994. Originally * Available from National Technical Information Service (NTIS), 5285 Port
published as D 4128 — 82. Last previous edition D 4128 — 89. Royal Road, Springfield, VA 22161.
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3. Terminology 3.1.8 mass chromatogram (see Note—2) limited mass
3.1 Definitions of Terms Specific to This Standard: RGC, or mass chromatogram, represents the intensities of ion

3.1.1 volatile organic compoune-an organic compound Currents for only those ions having particular mass to charge
that can be readily separated from water by inert gas spargif@tios. It is a means of quickly scanning a complex RGC plot
and thermally desorbed onto a GC column or is readilyto locate peaks which could be specific compounds or types of
amenable to direct aqueous injection GC. The compounds mu§Pmpounds. However, a complete mass spectrum is required
elute from the column within its temperature range withoutfor tentative identification.
alteration of the structure of the compound. _ Note 2—There are several synonyms in current use for mass chromato-

3.1.2 semi-volatile organic compourdan organic com- gram. These includes: mass fragmentogram, extracted ion current profile,
pound that can be separated from water by extraction, eithend limited mass reconstructed gas chromatogram.
quu_id{liquid or solid phase, undergo volume adjustment, and 3.1.9 GC/MS/DS-stands for gas chromatograph-mass
be injected onto a GC. The compounds must elute from thgpectrometer-data system.
column within its temperature range without alteration of the * 3 2 pefinitions

structure of the compound. S _ 3.2.1 For definitions of terms relating to water used in this
3.1.3 tentative identification-all identifications are consid- practice, refer to Definitions D 1129. For definitions of terms

ered tentative until Conﬁrme.d by CO'injeCtion Of.an a..uthentiCre|ating to gas Chromatography used in this practice’ refer to
reference compound showing identical retention time angyactice E 355.

similar mass spectra. (Tentative identification based on library .
matches only are subjected to false positives.) 4. Summary of Practices

3.1.4 match—two criteria must be satisfied to verify a 4.1 The practice consists of the introduction of organic
comparison of a sample component to a standard mai¢h: (compounds from water into a GC/MS for mass spectral
elution of the sample component at the same retention time adentification. Volatile organic compounds are typically intro-
the standard component as shown by co-injection or standakfliced through a purge-and-trap sample introduction device,
addition, and 2) correspondence of the sample component andlthough volatile compounds can also be introduced by direct
the standard component mass spectrum. If co-elution of intelaqueous injection. Semi-volatile compounds are typically in-
fering components prohibits accurate assignment of the sampteoduced as organic extracts from an extracted sample by
component retention time from the total ion chromatogram, theyringe. A component’s spectrum is recorded as the component
retention time should be assigned by using extracted ioelutes from the chromatographic column. The tentative identi-
current profiles for ions unique to the component of interest. Tdication of a sample component is determined based on its mass
meet the second criteria, all ions present in the authentic maspectrum and supported by its GC retention data. This tentative
spectra at a relative intensity greater than 10 % (whereas thdentification may be confirmed by co-injection of an authentic
most abundant ion in the spectrum equals 100 %) must bstandard yielding an identical retention time and a similar mass
present in the sample spectrum; the relative intensities of thesgmectrum.
ions must agree within= 20 % between the standard and T
sample spectra. (As an example, for an ion with an abundancz Significance and Use
of 50 % in the standard spectra, the corresponding sample 5.1 With the common occurrence in water of organic
abundance must be between 30 % and 70 %.) However, theg@mpounds, some of which are toxic, it is often necessary to
may be additional peaks in the sample mass spectrum causgtentify the specific compounds present.
by co-eluting interfering components that are not present in th%. Interferences
reference mass spectrum. ) ]

3.1.5 confirmed identification-in order to confirm a tenta- 6.1 Sample alteration and component of interest losses are
tive identification, both the GC retention data and the mas&0t true interferences, but are a source of trouble in doing a
spectrum of a compound shall uniquely match those of ;guahtatlveIGC/MS analy§|s._ExampIes qf component loss are:
reference compound as demonstrated by co-injection of thdecomposition, polymerization, adsorption, and both volatil-
authentic standard with the tentatively identified compound. 1zation prior to introduction into the GC and non-volatilization

3.1.6 reconstructed gas chromatogram (see Note 1)after |_ntroduct|on into the GC. In addition, GC/MS interface
(RGC)—an RGC is the computer output representing either th&!ugging can lead to apparent losses. _
summed intensities of all scanned ion intensities or a sample of 6.2 Chromatographically unresolved compounds or instru-
the total current in the ion beam for each spectrum scan plottegiental background which co-elutes with the compounds of
against the corresponding spectrum number. Generally, it cdRterest can interfere with this practice. These interferences can

be correlated with a flame ionization detector gas chromatothange the apparent mass spectrum of the compound of
gram. interest, thereby making tentative identification difficult.

_ 6.3 Other interferences, such as background GC peaks due
include: totallonization plo el foniztion current race, reconstnucieq), COMtaMminated sample preparation reagent blanks, GC col
ion chromatogram, total ion current profile, and total ion chromatogramumns’ instrumentation or column bleed, are common problems

that the analyst must strive to understand and eliminate.
3.1.7 reference compoundsthese are authentic materials

used to obtain mass spectra and gas chromatographic retentién APparatus
data. 7.1 GC/MS/DS—A gas chromatograph interfaced to a mass
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spectrometer having electron impact ionization capability igesult in faster and more accurate tentative identifications than
used® Although not required, most modern GC/MS systemslarge generalized libraries. Reference spectra for confirmed
are typically controlled by a data system for computerizeddentifications are determined under the same conditions for
instrument control of data acquisition and data reductionsample analysis by co-injecting the reference compounds with
Packed or capillary GC columns may be used. the sample extract, or adding the reference compounds to
7.2 Apparatus required to extract organic compounds fromaqueous samples, and confirming both the co-elution of the
water and concentrate them in a small volume of organicunknown and reference compounds and their matched mass
solvernt—This apparatus includes a 2-L separatory funnel forspectra.
batch extractions or 1-L continuous liquid-liquid extractor and 8.5 Gas Chromatography ColumnAll-inclusive guide-
facilities for Kuderna-Danish concentration. Liquid-liquid ex- lines for GC column selection do not exist. Each analysis
traction for volatile organic constituents can be conductedequires careful consideration of the column used (see Note 3).
using the apparatus specified in Test Method D 3973. Bonded phase fused silica capillary columns have proven
7.3 Apparatus for purge-and-trap GC/MS sample remarkably popular and successful. For examples, consult
introduction—See Test Method D 3871 or EPA Method 524.2.other ASTM test methods, such as Test Methods D 5175,

7.4 Microsyringe 10-pL. D 5316, D 5317, or US EPA methods. Liquid phases for GC
columns used in direct agueous injection analysis shall con-
8. Reagents and Materials form to Practice D 2908.

8.1.Purlty of Reagents—Reaggnt .gra_de Che_m_'cfils shall be Note 3—General guidelines for column selection can be found in GC
used in all tests. Unless otherwise indicated, it is intended th%ruppliers’ literature and textbooks, and ASTM Atomic/Molecular Data

all reagents shall conform to the specifications of the Commitseries AMD 25A and AMD 25A S-1, Gas Chromatographic Data

tee on Analytical Reagents of the American Chemical Soéiety.Compilation (and supplement), ASTM, 1971.

For trace analys_is using organic solvents for quuid?l?quid 8.6 Methyl Stearate

extraction or elution from solid sorbents, solvents specified as 8.7 Malathion 1©

distilled-in-glass, nano-grade, or pesticide-grade frequently 8.8 bis- tafl henvPhenvl Phosphi

have lower levels of interfering impuriti€sin all cases, -8 bis-(pentafluorophenyl)Phenyl Phosphine

sufficient reagent blanks must be processed with the samples t08'9 Isopropyl Alcohal i

ensure that all compounds of interest are not present as blanksS-10 Methylene Chloride

due to reagents or glassware. Other grades of reagents may bé-11 Methyl Hexanoate

used, providing it is first ascertained that the reagent is of 8-12 N-Methyl-2-Pyrrolidone

sufficiently high purity to permit its use without lessening the

accuracy of the determination. 9. Hazards
8.2 Purity of Water—Unless otherwise indicated, references 9.1 Caution: Isomeric compounds may be difficult to sepa-

to water shall be understood to mean reagent water conformingite by GC and the mass spectra of isomers are frequently

to Specification D 1193, Type Il. This water must be shown toidentical within experimental error. This could lead to either

not contain contaminants at concentrations sufficient to interambiguity in identification or to actual incorrect identification

fere with the analysis. in some cases. The analyst must be aware of this potential
8.3 Reference compoundshall be of known purity; impu-  problem.

rity peaks shall not interfere with the compound of interest. 9.2 Caution: When attempting to identify compounds in
8.4 Reference spectréor tentative identifications may be water samples containing large quantities of compounds,

obtained from various publicatioisMany GC/MS/DS sys-  particularly complex mixtures such as petroleum products,

tems contain libraries of reference spectra as well as softwargreat care must be exercised to determine that candidate

required to match unknown spectra to these libraries. Librariegnknown mass spectra are as devoid of interfering peaks as

of compounds of interest may be generated from referencgossible. Judicious choice of background-subtracting routines

compounds run on the same instrument used for unknowpan assist in this endeavor. Additional information can be

analysis and under the same conditions. Such libraries shoutghthered by examining the extracted ion current profiles of the

major mass spectral peaks in the candidate spectrum. Fre-

6 Consult operation manuals from manufacturers of GC/MS or GC/MS/DSqqeme’ the opcurrgnce of corjtamlnated.spectra can be deter-

systems, P mined by noting differences in the profiles of several mass
7Reagent Chemicals, American Chemical Society Specificatibmerican ~ Chromatograms that do not exactly fit the profiles of the peaks

Chemical Society, Washington, DC. For suggestions on the testing of reagents naf the compound of interest. These may be co-eluting

listed 'by the American Chemical Society, sAealar _Standards for Laboratory inOterferences. However, it is rare|y possible to completely

Chemicals BDH Ltd., Poole, Dorset, U.K., and thegnited States Pharmacopeia . .

and National FormularyU.S. Pharmaceutical Convention, Inc. (USPC), Rockville, eliminate all interferences from Comp!e)f' Iow'leY8| analyses,

MD. and the analyst must be aware of this in interpreting unknowns
8 These products are available from most laboratory suppliers. against reference spectra.

° Reference spectra are published by the American Society for Mass Spectrom- P ; : f
etry (A Guide to Collection of Mass Spectral Da@nd ed., 1978), P.O. Box 1508, 9.3 Wammg' Due care shall be exercised in handlmg
East Lansing, MI 48826, the American Petroleum Institute (Project 44), 1220 “L”

St.,, N.W., Washington, DC 20005, the National Institute of Standards and———

Technology, Gaithersburg, MD 20899, and Wiley Interscience, John Wiley and *°Malathion is a trademarked product from American Cyanamid, Agricultural
Sons, 605 Third Ave., New York, NY 10158. Research Division, P.O. Box 400, Princeton, NJ 08540.
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samples to minimize operator exposure to all chemicals includtechniques described in the literaty(fe.?

ing solvents, standards, and reagents. Solvents are a particular  \jethylene chioride—methylstearate, bigentafluore-
source of hazard because of the large quantities used in many
sample preparation procedures. General practice regarding the _
proper use of a gas chromatograph/mass spectrometer system Water—isopropyl alcohol, methyl hexanoate,

can be found in the manufacturer's operation manual. Since N—methyl-2—pyrrolidone

pOtentially toxic materials may be handled, all efluent and vent Each Component shall be present at 25 ng/ul_ |nject 2 I"lL of
gases from any source should be vented in an environmentalither solution.

safe manner. Possible sources to be considered include splitgas|1 2 preparation of Performance Check Solution—
from GC exhaust, gas from vacuum pumps, and waste Cofethylene Chloride Solution

pheny) phenyl phosphine, Malathion

tainers. 11.2.1 Weigh 125 mg each of methyl stearate, bis-
) i ] (pentafluorophenyl)phenyl phosphine, and Malathion into

10. Sample Handling, Preparation, Preservation, and separate 100-mL volumetric flasks using an analytical balance
Introductions accurate to 0.0001 g. Dilute each to volume with methylene

10.1 Collect the sample in accordance with Practice D 1066hloride and mix well. o
Specification D 1192, Practices D 3370, or Practices D 3694. 11.2.2 Pipet 2 mL of each solution into the fourth
10.2 Sample Preparatian volumetric flask and dilute to volume with methylene chloride.

10.2.1 Techniques of Sample PreparatieiThere are many ' Nis solution contains 25 ng/pL of each component.
techniques of sample preparation, and the most appropriate to 11.2.3 Transfer the contents of each flask to a separate 120

the application should be usétAmong the more widely used ML~ screw — cap  brown —glass Dbottle with ~a
techniques are: polytetrafluoroethylene (PTFE)-lined septum cap and store at
: U : 4°C. Storage lifetime is not known, but should be enhanced by
10.2.1.1 Direct t Practice D 2 . o ; o ;
0 irect aqueous injection (see Practice 908) maintaining the solutions at 4°C in the dark. Transferring

10.2.1.2 Liquid-liquid extraction (acid, base, neutral), fol- . v 1 mL of the 25 na/L soluti 2L
lowed by concentration adjustment and injection. Extraction of pproximately 1 mL of the ng/L solution 10 a 2-m
y screw-cap vial with a polytetrafluoroethylene (PTFE)-lined

all sample.|s typ[cally.accompllshed by methgieng Chlorldeseptum cap is convenient. This 1-mL solution can be readily
batch extraction using either a 2-L separatory funnel or a 1-|_re laced weekl
continuous extractor at both high and low pH. Liquid-liquid b Y-

extraction can also be used for volatile compounds (see Test IRYRES @R NiRqign Water Solution
P 11.3.1 Clean a 1-L volumetric flask with chromic acid
Method D 3871).

. . . . cleaning solution.
10.2.1.3 Purge-and-trap, which consists of sparging volatile 11 3 5 Rinse thoroughly and fill with clean water to the
organic compounds from water with an inert gas, collecting the,

compounds on a trap, and then thermally desorbing them onto 11 3 3 Insert PTFE-covered stirring bar and chill in an ice
the head of a GC column (see Test Method D 3973 and EPQ i1 for at least 40 min with stirring.g

Method 524.2). [ rd 11.3.4 Inject 25 pL each of N-methyl-2-pyrrolidone, methyl
10.3 Sample PreservatierThere may be existing method- heyanoate, and isopropyl alcohol into the volumetric flask
ology for preservation of specific analytes. If so, that methodyg|ow the surface of the water.

ology should be followed; if not, then the appropriate sections 11 3.5 Stir approximately 10 min.

of Practices D 3694 will apply. \olatile samples will be 11 3.6 Remove the stirring bar.

preserved according to EPA Method 524.2. 11.3.7 The final concentration of each compound is as
10.4 Sample Introductionr-Sample introduction into the follows:

chromatograph shall follow the precautions described in Prac- N-methyl-2-pyrrolidone = 25.7 ng/uL

tice E 260. Methyl hexanoate = 22.1 ng/pL
Isopropyl alcohol = 19.6 ng/uL
11. GC/MS System Performance 11.3.8 Cap the flask and seal with PTFE tape and store at

11.1 Depending on the sample matrix (water or organic°C. Storage lifetime is not known. Weekly preparation is
solvent), identification of the solutes in one of the following rfecommended.
solutions shall be used to establish the satisfactory performance11.4 For volatile samples to be analyzed by purge-and-trap,
of the GC/MS system before proceeding to analyze unknowfPllow the system performance procedures listed in Test
solutions. The RGC generated by the test solution should givdethod D 3973 or EPA Method 524.2.
GC peaks with a signal to background ratio greater than o
four-to-one. A representative mass spectrum corresponding 2. Data Acquisition
each GC peak should be identified in accordance with criteria 12.1 A method blank should be prepared with organic free
in use in the operator’s laboratory. Such criteria should includevater using the same sample preparation technique as the
reference to literature spectra or matching and interpretingnknown sample. Compounds detected in the method blank

11 Useful references for these techniques may be found in the bi-annual review 2 The boldface numbers in parentheses refer to the references at the end of this
issues ofAnalytical Chemistry practice.
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